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(54) SEMICONDUCTOR LASER DEVICE AND ITS MANUFACTURING 
METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
semiconductor laser device of simple 
constitution which has a small threshold 
current and small deterioration in 
temperature characteristics of current- 
light output characteristics. 
SOLUTION: The device has an n-QaAs 
substrate 1 of 0.1 x 1018 cm-3 to 1.5 x 
1018 cm-3 in the impurity concentration 
of a dopant, an n-type lower clad layer 3 
arranged on the substrate 1 , a first p-type 
upper clad layer 5, an n-type current 
block layer 7 having a first layer 7a which 
is arranged on the first upper clad layer 5 
and close to the first upper clad layer 5 and a second layer 7b which is 
arranged on the first layer 7a and has higher impurity concentration 
than the first layer 7a, and a p-type second upper clad layer 8. The 
diffusion of a p-type dopant from the first upper clad layer 5 to an 
active layer 4 is suppressed. 
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[is*sii K— h<D^$eiaasA<o. 1X10 

18cm-3Ki±1. 5 X 1 0'8 cm-3KlT-efc-SSl 3ia 

com 1 ^ KJB«)±lcEK**t, ±E« 1 5 ^; K 

B.*: y V :^A</^^?L^ i i i -vmit^^^ 

Cia>Stte(D±l-iBlft*:K. JiEStteJ:y t./<>K^ 
(*A^t>^f■i)i:<kt.lc. l«rKmi ©mz^^^'v KBI-iftt^ 

m<D^m^m&j^ y ist^^tiei^as^^-r 2 0}B<b 

$«U. ca)mi. m2<0Bd<i:^l=«3iII£K^ni:«$ 

^^^•y K)8®±l=iB»**i, ±IHSttHJ:y t/^^K^f 
W-yOiX^l^y I I -VBHt#!|«3^^i3¥^**^P.^£-i)m2 

[iS*3S2] m5St:^n-v^7B<Dmia)B<7>JFffi1&aiS 
A^IIMMI::^^ K— ^A^*fc(±3 x i o m-3 JUT-e 

-S c t ^ t -r -SW^^ 1 !H«fl)*»«i: U— If ^ 
S. 

[W*«3] mzi5^P-y^'B<D^*e!fe[A<. S i J:y,=g 
[»*^4] hro^iWI^aSA^o. 1x10 

'8cm-3Jsi±1. 5 X 1 O" cm-3 JslT1?fc-5ffi 1 3ia 

ca>iiiil|ft:fi;K±l=IBK$n. I I I -V8i^bdia^« 
«:j!>^e.'tC«®iaiSl!<Dmi KBt. 
cromi i75-y KB<D±(ciEia**i, JilESl^^<>K 
B<}:y*/«>K4fVy:^*<'h*LM I I -VSKbStt* 

c<ogttB<D±i-ieia**i.. JiiajsttBJ:y4./<>K4= 
aissicDm 1 rom 2 ^7 ^ -v KBt, 
<»:y*,/<>K^A'-y:^A<*^iM I \ -\/mit-tm^m 
> h*<s i J: y jginb^©SL> I vHrosR-efcsa 1 « 

BSi<DSiiS:?n-y^7Bt. 

croaSttrrn -vi7B<D±tEiBn$^Lr±8Ea 1 ©^2 

KBro±lcES*ix. ±IEjS14BJ: y 
■w:?<o*&LM I I -vai<b^iaii»iai«:A^^'ic^>ffi2 



2 ©m 2^7 7 KB i:. $(aitfci|iillf*U- 

[B!*«5] si ©m2^5-y KSi:m2©«2^7^ 

< . S 2 ©m 2 ^ 3 -i/ KB J: y K^V :^©/Jv* t^ 
I I I -vfil^b^4^ii^9^]!l^<b/d:«S29ISIS©^«i« 
B $ * e. I=« S.fc C t i: -r ««3RJS 1 «: L 4 © 

i^-fM^ 1 Jiicffie©j*i3n*i — if8a. 

[iS*«6l mi KB*<A I xGal-xAs 

10 (0<x<1) , S1±BA<A I Ga Asj^««, mi© 
m2^;5:y KBA*A I UG al-uA s (0<u<1), 
S3iE:^P>y^BA<A I ZG al-zA s (0<z<1), 
■€-LTm2©m2^7^-y KBA^A I VG al-vA s (O 

<v<i) ■e«Ja*Hfcc^:^4#®i:■^-«l»3!^«1^El^ 

L 5 ©t^■r:h-A^ 1 ^ICtB«S©i|i3lt* U— ge, 

[it*3S7] mi©m2^^-> KB©m23i«s©K 

— /<> h©^$ei^5ilSA<1 X 1 o'8 cm-3 *iaii.3 X i 
018 cm-3jaT-e35«-i:$!^ai:-r'6»*«1 ^EL^L 
6©t^■rH*^ 1 JIICEK©****:^— tfSSo 
20 [fS^lgS] Ga Asitia»{t:S«i;!><VB (Ve r t i 
cal Bridgeman) ^^kltW G F ( V e 
rtical Gradient Freeze) if'C 

sif* Lfcc i: *#a<t ■r-sw*^ 1 tt^ L 7 ©L^•r^^A^ 
1 «lcE«©i|i3HtU— »fSB. 
[Ul*^ 9 ] G a A s 4i3J«:StSlc^**vi.;FStt^f 

s i <Dms.A<^ X 1 018 cm-3 jaT-efc«)wi$#at 

30 >h*<S^&•Ci5■SC^:^!^®i:■r■l.iS«^1'^EL^L9© 

L^■r*l.A^ 1 «i=E«©i|ia»«:L/— tfse, 

1 1 ] S14BA<^««^#pfl|jt-e&-i) c i: 

^i^at-r -611*31 1 'St^L 1 o©t^•r*lA^ i jsi=e«s 
©it£ai«:u— tfsa, 

2] K— y<> ^©^Mit^jlSA^o. 1 X 1 

0'8 cm-3Jil±1 . 5 X 1 0'8 cm-3 JilT-e&Smi a> 

€^© G a A s iii9ft:s«E imm-ri>Jim t . 

G a A 8i|i«ft:ssji(=. I I I -vttnt^^i^-mm^ 

f,'S-Smi»mS'©mi^5-y KB^BSt-r-Sxgi:, 

40 m 1 ^7 ^ KB©±ir, m 1 5 KB J: y k^ 

B^JKJiE-r-SXgi:. 

St^B©±lcjSttSJ:y/<>K4^•v■v::^©:*;#t^I i i 

- V mit-^n^mti^t^ * 4m 2 *ss©m i ©m 2 ^7 
KB*®fiS-r«xet. 

St^BJ:yt/<>K^^>y^A<:*:#L^I I I -vSi{b^ 

{i9©m 1 ©B^ c©m 1 ©B©±i=)&^$HfrEm 1 © 

B©^jiei|^affi<j: y t,st>^$ei^«s^w-r *m 2 ©B 

50 i:^*LB35«ffii:)5:4«tt©88aSiiSxfcaja:?Pry 
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i^a<t-r4iB*ai 2K«a)*»»u— trgeoasit* io 

[IS*^i 4] mi (Dma^^^v KB<b:ffi2a)m2^ 

3R«i 2*fciii 3icia«6a)#»«:u— tfSBojliii^ 
a^o 20 

5] »1 KB)!l<A I xGal-xAs 

(0<x<1) . .=Stt®/)<A I Ga As^*t!^. S 1 CO 
S2<7^*> KS:6<A I UG al-uA s (0<u<1) . 
B3fE::^P*:/^H3!)<A I 2G a1-2A s (0<z<1) . 
^LXm2<DmZ<?=p-j KBTb^A I VG a 1-vA s (O 

<v<i) xm^^^tlfz:lt^^mt'r^m^m^ 2tj: 

[000 1] 30 

m^(omi- ^tum^m c<d«b^i*. *»i*u-ifjs 

[0 0 0 2] 

i|ia<*U— tfSeiiG a A s®aE::^P *:;^®^fflt^fcf^J 

I Ga As@*m3a3fP*V^7@(ZfflUxycH»r**3eSi« 
ii*Sffi-r^Cit(cj:y. aff®a!^TIffc#»(*U- 40 

If ^ Z /)<T' ^ ^ <t t (c^^tSKiS ^ fS]± * -a- -5 d it 

[0 0 0 3] @1 1 1^. «£5tEa)SAS (Self-AI igned S 
tructure)M<D#a»tt:U— lfSSa)afi®(2!-efc^o 01 
llCfclx-C. 1 O llinSGa AsSffi (JUT. n^S 

Tn-J t. Tp^j ^ Fp-j i:affi-r4) . 1 

O 2lin -G a A s/<':/:7rB. 103lin— AIO.5 
G a0.5A sT^^'> KB. 1 O 4 li A I G a A s Stt 50 



B. 1 05l*p-A l0.5Ga0.5Asai±^?^*:^ K 
B. 1 O 6(ip-A I 0.2G a0.8A sX»>5^>^X 
/<B. 1 0 7lin-A 10. 6Ga0.4Asa5S:^P':^<7 

B. 1 07 ar*B3S::^p-v^Bi 07a>«3S5^-v*;ui: 

J^-SX h5-<:^*^<7)S. 108(ip- Al0.2Ga0.8 
AsSSB. 1 O 91^ p-A I 0.5G a0.5A s%2J:^ 
^*>KB. 1 1 orip-Ga Asa>^i7 KB. Ill 

i±nfl5Bffi. 1 1 2iipfi9Bffi-efc^o 1 1 3itVtik<D 

[0 0 0 4] aRlC. C<7)4ta|«:U— 1f3$ai 1 3(DSit 
*ar::oi>-C8SiM-ri»o *-rMOCVD$£«:ifa)lSafiE 
(Ccfc^m 1 ^a>JL ^ juiss-e n - G a a s 

S*51 O 1±(C. /<*>:7rBl 0 2t3S^>n-Ga a 
sB. nSTi7^*> KBi OSit^fin-A I 0.5Ga 
0. 5A sB. 5SttB 1 OAttji^A I GaAsB. ®1 
±<7^*:; KBI O 5i!:?Jf^p-A I a5Ga0.5AsB. 
x*:;^></X h*://^B 1 O e^^C-Sp-A I 0. 2G aO.8 
AsB. aSR^fP-y^Bl 0 7i:^-6n-A lO.BGa 
0. 4A sB. fc«tT/«SB 1 O ettii^ p - A I 0. 2G 
aO.SAsB^m^Jf^iS-r'So ca5.!:*CD K-/^> hit 
Lri±. nSK— hl*->y =3>. pSiK-/OH* 

[0 0 0 5] afelr. :i:aSlS^':7X-/ hX';;5^>>/(Cj: 

y. «siBi o8<tmaE:^p*v^Bi 0 7ica3SSKi: 

3S«»»4*OBBPT-fe^ 10 7a ^ Jf^jS-r-So 55^l^-eMO 

•v;u/SS-c. IBP 1 o 7*:n^LTx*:;^>^;^ h*>/^B 

1 O 6-efe^p-A I 0. 2G aO.SA sB<Z)±lC, S2± 
KBI 0 9<t/cf-5p-A I 0. 5G aO. 5A sB^S 
d^)ii^jaSL. H(^=I>^»^ hBl 1 O^^f^pSGa 
AsB*}^«-r*o m^^^^O KBI 1 Oib/jr^plB 

G a A sBC0S®±ICpfiliafli1 1 2 *fcn - G a 
A s S«i 1 O 1 (7)S@ffim®±lC nfilim^ 1 1 1 ^^fSL 

[0 0 0 6] 4i»{*U— tfSSei l 3a)«jftlco 

i^rKB^-r^o naii®<ii 1 1 <tpfiiim«ii i 2 .bow 

(ciH^fSimtt^Wira-r'Si:. ®3S:?P*:/^Bl 0 7^m 

2±^^'y KBI 0 9i:a)ra<Z)p nft^lCcty^Ciffi 
^BlcJ:ym3S03Stv;?)<iaih*tLTm5S){)<tt^4x. BBP 
10 7a ^^hLTjgttB 1 O 4lcaija/)^aa*L4o 
[0007] JSttB 1 O 4 lzmSfl)B!HlJsl±a)B5SE3b<aE 
n-S^l:. SttBl 0 4l::fcLNrm^<i:iE7Lt/)<^ie^ 

T^^^y KBI 0 3. %^±,<?=7v KSi 0 5 3^t/m2 
±<7^»> KB1 0 91*. jgttBl 0 4ci:y ti*#3tt/<> 
K^-vv:^^^LrL^^<D-e. n^T^^^vKBlO 
3. ®1±^^*:/ KBI O 5&i;m2±^^*:/ KBI O 
9 a)H»r^l*SttB 1 o 4 J: y < . u-if *fi n 
WTO =7 -J KBI 0 3i:mi±^5*y KB l OS&t/S 
2±^^*:; KBI O 9 ^OfffllcBBCji^ft t^ti-So 
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[0 0 0 8] *f=. BSiET^a^v^lii oetD/OK^-v 
^v:^(imi±<7^^> KIBi o sxi/maJi-^^^^v KB i 
0 9a)-5-*tJ;y t*^<. S35:^P*:/^)Si O 6<DS«T 

B3tt:^a*v<7Bl 0 6IcJ:oT®1E**l4o C(D<*:3Ic 

< Cjii^ btL. s 1 o 7 a (DTmcDfs^m i o 4 -e 

7 8 O nm^(D\^—^^mt<±C^o 10 
[0009] 

^•y KBI 0 5. x*v^>>/x h*y/^Bl O 6&t;m2 
±^^*v KBi O 9?Ei:if(7)pM K-/^> h<b LrffilS;!)< 

fleffl*tir*5y. mi ^a)xfcf^i^i/^;ujSg<D. mo 

CVD^-CCDjaSSSlis 7 O 0**C'-7 5 0**CT?fc'g>a) 
•e. SttBl OAttSi^A I Ga AsB^J^jSLfcft. 
mii^'^'V KSl 0 5<b/cf^p-A I 0. 5GaO. 5As 
B. x^^f^^-y;^ h-y/^B 1 o GtU^p-A I 0.2G 20 
aO.SAsB. BSE^P^V^Bl 0 7^^-Sn-A I 0.6 
G a0.4A sB. *5cfct/ffiHIB 1 O & ttji^ p ~ A I 0. 
2Ga0.8AsB*lll3feff^fifc-r«<t*lcKIC. mi±^^ 

*v KB1 0 5 35^t,SttB1 0 4lcffi»*<ffitk-r4o Sf:: 
m 2 (OX e ^ ^ V -v J[^f&m ^ tr 3 ^ ^ |5]«a>^g 
(7)T-CtT*?4x^<7)T?. mi KBI O 53!)^t)n5^4 

[0 0 10] ca)jga. mi±^^*> kbi oso)^-^ 
KBi o 5i}<z n(om&i&Tiz^^^mm^tmxL. so 

rc«ffif::»^-r y 73!)<'><j: < & y . idimt)<i&T-r 
o*yBaE~3ta3*4*tt(Z)as*$tt*se<k*ii:4it 

[0 0 1 1] *^fc, mi±^^^V KBI 0 535^t,.^tt 
/)<T^^>:; KBI 0 3(^lc-r*i. •^■(7)SSe-A!(#ttlc 

mi±^5*> KBI O 5)b^b/=SttB 1 O 4^(Dmf^(0Vh 

»(±a«)i^^y ^:/vM<i:y*. i^ics AsMa):&A^e# 

[0 0 12] :i<DW^(0&^^im^'t^fztb\z{t. mi 
±^^*> KBI O 5<DpM^|561^T*fc^ffif8a)^-vyT 
iiS*Tlf'5tl^3:&a^t**3!)^ S14B1 0 435^P,(7) 
^•vyr<D^-/<-^p-;b<*:^</d:y. L^l>filSaa 
®g;&<lS <>S:4 it L> 5 m&fy<± »*lc/cC h> /j: 50 



[0 0 13] ±^Ltz^ss:&mtm^(Dm^(o-mtL 

X. «9xlS«$BB¥6-i 9 680 l^^ffllcffiKStifc 
«e*a)SAsai(D*»(*u— tfgBA^fc-So ca)«fiK-c 

li. SttBl 0 41* A I 0. 15G a0.85A sB. SttB 1 
0 4a)±icmi±^^*v KBI OSffi^Op- A I 0.5 
Ga0.5Asmi3t#-< KB. X':;5^>y;^ h-;/<Bl 
0 6ffi^<Dp- A I 0. 2G a0.8A sm23fe*V KB3b< 
J^iS$;K. n^yo^:^om^ 0 7il:LTn-A I 0.6G 
a0.4AsB. m2±^^»> KBI O 941^0) p- A I 
0. 5G a 0. 5 A s ^ ^ *V KB*<J^fiE**tfc«g5B*<BBn^**t 

[0 0 14] za)«fi£fcfctxTli. mi3t:^V KBfc<i: 

xsmz^is-c \^m(o^^')7m&(om7ri\tm< . p- 

A I 0.5Ga0.5As^^^:; KB<7)ffir^(7)+-V U TilSli 
7xlOl7cm-3 (JaT. 7 E 1 7 cm-3(7)J:3lC. 1 

o<7)s^sais-r-5) tL. nf&mBm\zis\f^pmm 

(D^^r y raSl* 1 E 1 S c m-3 JUTfc-r* C A<ifi5^S 
LT. i^Bl¥l 1 -5 4 8 2 S^^fflfCli. nfiy*>cl:i; 

pm(o<7'7v KB*-€-*i-e*tK-e>^i«fia)S&'5 2 

B(::5^«t. ,i&ttBI::KSm^^jSttBI::KSLfcnfi!l^3<fc 
Z/pfiija)^5':; KB^te/BScottDlc-r-SiTittfc, B 

ai:^p *y <7Bt K-e>yasa)R35:* 2Br3»rt/=« 

5 E 1 7 c m-3 - 3 E 1 8 c m-3 t^M&lzU^tztb. 

K-e>^^MisiA<sttB*-vffi«L. sttBtoesa 

^fztbiz^ •te;u:7T^-f>MXtfy 
■triZfclNr. 7>K— 3^A 10. 14Ga0.86AsSttB^ 
Sit;n - A I 0. 5G aO. 5A s KBSt/p - A I 0. 

5G a 0. 5 A s ^ V KBi&^*iHP*v K- fcf >^j»S(Om 
<C'S2Bl::»lt. $SttBI::KS-r^nfflil^5^:/ KB^. 
K-/^> h$S I i: LaS$8 E 1 6 c m-S^) n - A I 
0.5Ga0.5Asm2^^'y KB-emU. ZKD^SajttD 

nfi!i^7^'v KBa)Sffifiii(cpg}SLri6n:< K-/<>h* 

S i ^LiBS* 1 El 8 cm-3 t-r«iSaaa)n-A I 
0.5Ga0,5Asmi KB-C«i£L. ^/"-SttBC: 

BSffi-r^pflfl^^^v KB*. K-/^>h*Zni:LilS 

* 8 E 1 6 c m-3 (0 p - A I 0. 5G a 0. 5 A s m 1^^ ^ 

KBr*«ifi£L. z(D^m&(D p mm ^ <? ^ [^m(Dpm 

ffifiyiC^SLTZn^SE 1 7 cm-3 i-r^iSjlS(7)p 
-A l0.5Ga0.5Asm2^^*> KBr-«fi2 Lfc t(7)-C 

[00 16] ^<D±. p^7*v KBtm2i6:^P*v<7Bi: 

«35 :^ p <7 B t + -v y 7 ^ 2 B-cWfiK L . 

p ^ 5 KBffl5(3 tBSS^f P ^Sf^SSm-T -S^v y T 
ala^o^fil^B^*t>l::K^tru^^p ■r**^^. p-A I 
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0.5Ga0.5Asa2^^*> KH<D p SffiffllfriSajK Z n 
K-3^P-A I 0.5G a0.5A sSS3^^*V KB (^-VJ 
raiSSE 1 6 cm'3) ^iftlt. C<DS3p^^*yKB 

A I Ga As:^a*V^B (^-^^Uragl E 1 7 c 

i K— :^n-m2 A I Ga As:^p-;^;B (^-vU^ai 
g3E18cm-3) ^ift(tfrta)-efc4o C*L^a)B« 
it fia$64^<«iS t '^cP o r ^ . 

[00 17] ±u<D?sm^^mH'r^fcib lo 

[0 0 18] ?ttfc\ ±aiL/z5fe^Tftt(5a)ffelC. J^BSBSe 
2-7 36 87 ^^aiCfi. A I G a A s ^*t«*fflU^ 
fcS ASMCD*»^*:^-^f*<M^*nrl^^o <^ 
Ba¥7-2 547 5 0-^^«I::li. ^vUTaSl El 20 

8 cm-3<DS i ajtatDn- I n P»ffi*T<7^'y KB-t 
LC(D±IC. Ga I n As P(7)«^#P«ita)jgttB. 
^ 'J rag 1 E 1 6 c m-3 (7) s i ^SttlCD G a I n A s 
P3fe*V KB. ^-VUTaigl E 1 8 cm-3<Z)Z ngSira 

(7)p- 1 n p>>^^:; \^m^m^m@Lx^) yiymmt 

L. cou >vva)iS{|ij<7)pS^a)mi Sj^B^ 2B(c^(t 

■c. sttBfi(®ic»a-r4ffl'ia)p^a)mifflaB*+A' 

UraaS E 1 7 cm-3<DZna*Pi:L. JSttBjb^^jS 
t^filJO^B^^-V'JT'agl E 1 8 cm-3<DZ n^iJD<t-r 

* c: <t fc^ y L, # L^^l ^ /JN * < -r * it ^ t iw;gg!f$tta) 30 

fpl± * H o T 4«tja35<5^ * *LT o 

[ 0 O 1 9 ] ^fc. 9-1 9 9 8 O 3 

fi. O, 9 8/^m2?Sa)3tlC*tLT. 1S?5^^-K(D«^ 

fcifef::. :^*fiiaag35^ (1'-3) E18cm-3a)nSG 

aAsSffi^flgfflL. Z0±lz. n-'j;^*:; KB*^L 
T. 7>K-::^I nGa Asa)»^=^#FSttB. ^jffi«3 
agA<2E1 8cm-3a)p-A l0.5Ga0.5Asffi1^ 
^*>KB. p-A I 0.7GaO. 3Asx^:;^>>3rxK'v/< 
B. Z(D±{ziJvVi)ii<Op-A lO.SGa 40 

0.5Asm2<7^*y KBA<J^fi6**i. ■€-a)iag<llf::s i * 

1 E 1 9 cm-3lU± K— e>^Lfr n-A I 0. 2Ga0. 8 

9 8/lm^^S03i^i»{*^-ifA<g8^*4^rt^^o 
»a)«JR8tfiE-eS A SS<Di|i»«:U-1f36^BB^**ir l^ 

*t>|-. i^g|^6-1 8 8508-^^SlZ. aSttRl 
ihBl^ G a A s ^ ffl t^/c □ :«^-< K^O) S A S M*3li* 

U-^flcfcl^r. aSREihB^p-'i?^*:; KBcDMlzy 

>K-::fGa A sfi£ftI»ihB*fr(iS e [^-Zf(Dn-A 
lO.OSGaO. 9 5Asffi»l»Ji:B*fflU>f::«g^/)<ga5t* 50 



[0 0 2 0] 

-1fSalwfcl^rl*. K-/<>Ka)=Fi3fia»g35<o. i 

X 1 0^8 cm-3|a±1 . 5 X 1 0^8 cm-3UiT-efc*S 
1»B^a>Ga AsiJi3l«:Sfii:. COJ^^ftSfiJid 

Mcomi^7^> KB<!:. CO)® 1 KBO)±lciBK 
^ti. m^^^v KBcfcy t/<>K^A'*>:/;!)</h^FiM 
I I -Vffi^b^te^»^*)!)^b^^:4iSttBi:. CtDSttB 
a)±lciHH**i. SttB«fey4i/<>K^^'>::^(D**i^ 

I I I -vmt^i^^mm^^^t^i^m^mmm(om^(D 
m2^^vKB^. c(Dmia)m2i7 5*> KB<D±iciB 
ift**i. sttBcfcy t/N'^K^-^'-y^^A^i^^tM I I- 

\^miziS:i^m(Dm i (omtz(Dm i (7)B(7)±(ciHift^ti 
m 1 (om(D^mii^mm^ ^jm^^mmm&^m-r^m 2 

cco®3E:rp'>^Ba)B8P^^Lrmi a)m2^^ 
KBa)±lciBH**L. SttBcfc y K^'V^v:^^) 
I I -vSt^b^1^it^*^*;{)^t,'?^i:^m2 3l®M<D 

m2(Dm2^^*> KBit. *ffl^frt<DT?. sffi<b«fii 

(Dm2^^^:; KB7b^^jS14B--a)m2*®SJ K-/^> h 
<7)ffltkSRSihT*#. /^14B^<D+-vg7<7)fflaA<*Jai:: 

[002 1] msK3^p-;<7B<7)mi(DBa):^JM 
^felag^3IMMlcT>K-~:^;^l^*/cli3 X 1 oi? cm-3 
iaT<5:Lfc^,a)-e. Slfl5m2^^v KBA^ibSttB^ 

[0 0 2 2] ^^(c. m2fS:^p*v^Ba):i^M1^^. s i 
^Ba)l§^HIS^<D«^*}Qlx.. »2»«a!K-/<>h 

[0023] sfc. \^-^<>h(D^m^mm<o, ix 

1 0^8 cm-3 JaJll . 5 X 1 018 cm-3 JaT-e&*Sl 

I I I -v»l^b^1a4^»^*3^)^t>/d:-5S1*aM 

0»i^5*yKB^. ccomi ^^'v KBa)±lziBK* 

mi ^^^v KBcfcy^/O K^^*:/:>'A</h*lN I i 

±lciBlft*n. SttBJ:y t/<>K^-V'»:/:^(D:^^iM 
I I -vK^b$«a*»tt:3b^?><c*»2»Bsia)mia>» 

2<7^'yKBib. C(Dmi 0)^2^5-:/ KB(Z)±l:ii£ia 
iSttBcfcy ti/^>K^A'*:;:^;!)<X^tM I I -v 
«l<b^«3i|i»«:)b^t>3S:y. «3tt»»i:^»:^»ttc7)B8P* 
^L. K-/^>h;!)<S I cfcy^tt^b^OJStw iSlTtm 
■efc^mi3l«l!<oa3S:^p*>^B<t. ca)®3S3^p*v 
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it^^^^mm^ /jr^m 2 mn.m<Dm 2 2 ^; ^ k 
<e < Wftd fismtcSifiR-em 1 0m 2 ^ ^ k® A^ 

t. SttS'^flJS 2 K-/ < > h ©ffifl * BSit-C # . 
^ftS^odf-^ 'J TODEBiiA^^Jaic^f 3 c: 1 3!i<T? * « . 

[0024] mi<om2^7^-v KBi:m2(Dm 

< , m 2 2 <7 ^ KB J: y /<> K^-v 
$tM I I -Vttl<b#«a*3l«:A''e.'S:-6»2*BSa>i|i 

-e#. ^SS^4<D<fcL^S2<Dm2^7 7•y K®^«tfiE-C# 

[002 5] mi ^7^-:/ KB^ A I XG a1 

-xAs (0< X < 1 ) , S14®$A I G a A sm*t 

m 1 <0m2^7^-y KB^ A I UG al-uA s (0< 
u<1) , BSit^a^^B^A I ZGal-zAs (0< 
z<1) , ^■L-Cm2<Dm2^7^-V KBSA I vGal-V 
As (0<v<1) -e«fiELfc<OT?. aSn©^»(t:u 

a&itT-#SttB'^<0=t-v 'J 7©Kii$W3ai::fT-5 c t A< 

[0026] mia)m2^7^-v KBrom2 

*mU<0 KD^MI^jlS* 1 X 1 018 cm-3$' 

48^3 X 1 0'8 cm-SKlTtLfcCD-es ;"5ttBA''t><0=^r 

to 02 7] Ga Asiji»«:Sffi^VB 

(Vertical Bridgeman) ^^tz\t\/ 
G F (V ertlcal Gradient Free 
zo) j£-^S<*Lfc=tiCOt Lfcor*. m23imM®K— 

[0 0 2 8] Ga A si|i3H*gffi|C^*tL-53F 

Stt^CS i roaSA^I X 1 O" crr\-3&.Tt Ltz<DV. 

mzmmmo) k-/<> Ko5§ttB'v(Dt£»*sibSMi=d? 

[0 0 2 9] ^fc^^l::, mi«mi!;b^nS!, m29m 
h«St^ffi<fqi©]Loo. mi ©m2'^^-v KB7b^t)S 

[0 0 30] ,^ttB$*S»T-#Fajt<!: Lfc 

^S»^-#pfitjt'^a)m2 3imMa) K-/«> h 
«)tt»l::J:«^ttf?^b$'>/j:<-r-5Ci:A<-e#, 
fc y W it ^ HiS L ■V'-r < 'EC 4 o 

[003 1] ;i«)«l8l-«4i»i»»:U-1fSa<7)Sljt:^ 



ai*, K— /OKO^FttlSaaffA^O. 1 X 1 o'B cm-3 
1U±1. 5X 1 0'8 cm-3JUT-Cfc-i>mi3ieSroGa 
As#9|(»S«$^{tt-r€>X@^, GaAs##i«Sffi 

±i=, I I i-\/mit^i¥-mm^i^ui>mTmnm<f) 

mi KB^JKfig-T'SXgi:. mi^5'vKB<Di 

m 1 ^7 7 KBd: y K4f -V l^A^/J"* I I 
I -Vfi6<b^«l#3l«:A^e.'&«SttBifJKfiE-r*XS 
S14Ba)±l-SttBJ: y/<> K^•v•v:^(D:*:#L^ i 

I 1 -vai{b^!tai*i3ii**^f.^£*m2aimsromirom 

10 2<7^.:y KB$jglfi-r<5xg<b. jSttB J: y t/O K4f 

^\zmMr>mz<?=7v KBi-iat-'fiiirom 1 oBi: com 

1 <DB©±l=}KJiE*Jh.m 1 ©SO^FMI&ilfiJ: y tiSt^ 

7«i«9iis$«-r iim 2 (OB ^ umsiEiiK^ ^cP-^w 

tt<DBBP^fiixfc«35[^a-v^®^, mi«)m2^;^«v 
KBroil-ffJiS-r'SXSi:, m3S:?P •v-J^BtDggp^^T- 
Lrm 1 <om2^»^-v KS«)J:l-S1±BJ:y/<> K^-V 
•yl^^A^rfc^LM I I -Vli!l{b*«!|i|i3IK*AN&/j:4m23» 
®S<Dm2<Dm2^7^-y KBS^MfiE-r-SX^t, 

m 1 osm 2 <7 ^ KBA^ c.sttB'^rom 2 mnm. k-/< 

[0 0 3 2] m^-:fuv<?m^^fS.-r^jim\~ 
fca^T, m3!£:?P-v^'B<omi roBro=FMi«5as^sgM 
MicTv K— ■::^A^*fci*3 X 1 o" cm-3jaTtLfca) 

T?. mi<Dm2<;^'y KSA>&sttB'>^fl)m2i»asK 
[0033] s&iz, mi <om2^7^'y KBi:m2©m 

2 ^7 ^ KBirWraic. Stt® J: y K4f A' -v 

< , m 2 <om 2 ^ ^ -i; KB J: y 

*iM I I -v»i<b^i^#^<*A^t,*€)m2»as©^<i 

»<*:B**e.(^JKJi£-r-5xa**t?i:i:t,lz, SSitt^a 
<v ^7B0B§n $jK/iE-r -sxgic fctAT crom 2 3I®S<0 
iJi3Jt*:Blc<J:yx.v^>i^$-f9it$-ti-*©T?. «ttB8P 
*JS^I=jeBt-r3.Ci:A<-e#, m2fl)m2^7^'y KB* 

40 [0 0 3 4] mi ^^^-y KSA<A I XG al-xA 

s (0<x<1) , 5SttBA<A I Ga As3S*t«. m 
1 a)m2^7^-y KBA<A I UG a 1-uA s (0<u< 
1) , S3S:?P'y^BA<A I zGal-zAs (0<z< 
1) , ■E-L-Cm2<Dm2^7^>y KBA<A I vGal-vAs 

(o<v<i) i?1llfie**ifca)-e. StEi:S»©3> 

h stasis <«lii| LOO, SttB'vff)m2g|®MK 

xs-e8!ifc#*, 

[0 0 3 5] 

50 [%l^(D^l&<0i^a3] 3ltS(0]^fiSl. Slli. ca>%l^ 
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0)-- 3<D3ISfi<D}^S8lcflg4i»i»{*U-if3gB<DB§f®H-e 
U-if ifiS35< 780nma)SAS Ma)H8r^»a6M«it 

O. 1 E 1 8 cm-3 Jtfl± 1 , 5 E 1 8 cm-3 JilTilf 4 

[0 0 3 6] El icfeixr. 1 li (100) ^^±mt 

^•VUriaSliB E 1 7 cm-3 -Cfc-So ^f-C<7)G a A 
sSffilfiVB (Vertical Br idgeman) ^-ef^/S^Hfc 
ta)T-fc'5o 2(*. Sffil ±lciaitb*ifcBJ50. 1 A< 
m<Dn-Ga As<Dy^->:7TH-eK— /^>hl*S i . ^t- 
■\'UT;'SS[*3 E 1 7 cm-3. 3 3? rB 2 ±|C 

iaitt>*l/rBe2. 0A/ma)n-A I 0.48G aO. 52As 20 
(DT^^'V KB-eK-/^>H±S i rfe^o f=f£LT^ 

h-efcoTtc^:l^o ^-vgyagiis e i 7 cm-3-ea& 

[0 0 3 7] 4ri. T^^*:^ KB3 05±lziftltt»*lfcB 
BO. O 6 /im<DT> K—:>'A I 0. 15G a 0. 85 A s(D/i& 
14B. 5I±. ;'£14B4(D±(cift(t^*LfcBl?0. 2 a/ m 
<7) p - A I 0. 48G a 0. 52 A s (09 1 ±^ ^ KHT? K 
— hfiZ n. ^A'UT'aSfil . 5 E 1 8 cm-3-^ 

fe«)o mi±^^*v KB5<DK-/<>h«aii. 1x1 30 

Ol8 cm-3^iB7L3X 1 018 cm-3lUTICU. S14H3^^^ 

^ KB 5 ±IZKlt btLfrBJS O . 0 1// m(D p - A 
I 0.2G a0.8A sa)X-;5=->^X h'>/<— HT? K— 
hIiZn. ^•V'J"7aSfi2 E 1 8cm-3-e&-5o 
[0 0 3 8] lit. h^V/^— B6(7)± 

diaitibtlfcHffO. 6/im(7)n-A 1 0. 55Ga0.45A 

s(Dm^yo^y^mv. mi®3a:^p^v^B7a. mz 

a3tt3^P*>^B7 bT:J^JS^4^rl^*o Wi^M^:^^^:/ 40 
^7B7ali. x^>5^>^xhvy<-H6±lz«}gLTiS 
K**i. K-/<>h(is i . ^^'UraSlii . 0E1 

7cm-3.B/50. 2//m-efc^o m2®affi:;fP*>^ 

B7bli. miB35:^P*:;^B7 a±lz»gLri£ift$ 

K— hl*S i . :^-VUTaaii2. 5E17C 
m-3 ^ BJ50. 4/im"efc^o 

[0039] 81*. m2m3S:^p*:/^S7 b±lc»aL 

Tift(t^»*lfc. BWO. O 2 /t/ma)p-A I 0. 2G aO. 8 
A sOSiiBT- K-/0 h(iZ n. ^-\''JraS(*3 E 

i7cm-3. -efc-So ca)«liB8^®3!i::^p»:;<7S7 so 



6i:^aB8±ic. BW2/imr-^-vU7'aaA<i . 5 

El 8 cm-3(DZ n K— h(7)p- A I 0.48G aO. 5 
2A s(7)S2±^^':; KB9>!)<Sltt)*lrl^So 10 
I*. K2±<7 5*:/ KB9±lciftitf>*ifcBJ5i. 0/im 

(7)p-G a A s(Da>*<7 hSl? K— /<> hliZ n. + 
-\''J7ilgli2 E 1 9 cm-3-efc'&o IllinfiflSffi, 

[0040]*IC. Z<7)agM(3«-&i»t3ltt:U— tfSai 

3(DS^3t:^ailc-^l^TS^BJ•r*o mzRifmsit. c<d 
iti«tt:u-if&a$^-r»fffiia-cfc^o 02 (a) 

1^a)Xtf^^V-V;Uia5T?n-Ga AsSffilO (1 
00) /<»>:77'B2«S:?E#:*n-Ga AsB7 

2. nST^7^*:/ KB3itJS:4n-A l0.55Ga0.45A 
sB7 3. St4B4<b<*:'57'>K— :>'A I 0. 15Ga0. 85 
A s S 7 4 . m 1 ±<7 ^ KB 5 t JEf-S p - A I 0. 48 
Ga0.52AsB7 5. X *v ^'^^X S *>/^B 6 t Jfe-S p 
- A I 0. 2G aO. 8A sB7 6. M^^^ ^ S 7 ttH 
-5n -A I 0.55G a0.45A sB7 7, fc ci: t/«KB 8 
ftip- A I 0.2G a0.8A sB7 8^lll*J^nE-r*o 

iu±(im 1 mi CD jssx^T-fe-So 

[004 1] Za)||^Sa)ft^®TMiMOCVD,^^fflt^fz 

MBEa^a)fco)i£S:^rjiT*t^i^o K-/<>h<b 
LXit. naK-/^>hlivU=i>. pSK-zOhl* 
ffii»;!)<ffiffl$;h.^o m3S:^P^:/^B7^/d:'5n-A i 0. 
55Ga0.45AsB7 7Ii. 'J TM&^^^X ZMl^ 

[0 0 4 2] ^tj:t>io. mim3S3^P*>^B7 a tt^:^ 
m 1 n - A I 0. 55G a0.45A sB7 7 a it. 'J 
S^l. OE 1 7 cm-3^ BJSO. 2//mi:LTp-A 

l0.2Ga0.8AsB7 6±|C}gLTaB**L. »2«aE 
::^P 'V^B7 b i: 3^:^55 2 n - A I 0. 55G aO. 45 A sB 
7 7 b(i. :^-\'UTfflS(i2. 5E17cm-3,BjS 
O. 4//m^LT. mi«2a3rP'><7B7 a±|C»LT 
«B^*t^o mim3S:^P':/^B7 att^^m^ n-A 

I 0. 55G a0.45A sB7 7 a (D^-V'J rjSS^ C Z "CI* 

1 . O E 1 7 c m-3 <t Lfzt<. 3 E 1 7 c m-3 JslT-Cfe 
tli^c*: < . ^ ^ICM^ L < li 1 . 5 E 1 7 c m-3 JaT-C 

gCDSS^^Lfca)/)^ 0 2 (a) X&^o 

[0 0 4 3] AKB8^;S:^p- A I 0.2Ga0. 

8AsB7 8±lz. yyt l-\yV7.hm^Bf&L. V ir V 

huvx h/<^—>8 0^ff^iaf4o z<Dxga> 
sa^iFLfca)*^ (22 (b) -cfe-So ZCD:7;i-hUi; 
X h/<^ — >8 0^-7X^ t Lr. p-Al0.2Ga0.8 
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A8lB7 8ib:n-A l0.55Ga0.45AsJS7 7 $]tii 
L. p-A I 0.2G a0.8A sH7 6lca-r-6*-C. iSS? 

[0 0 4 4] ca)x*:/^>':f:fej£ii. 
jSifoA I As^z«Lr&*yas^^4SWL>s:l^X':;^ 

-VVh-C. n-A I 0.55G a0.45A sB7 7<Di^4>*-C 
X*;/f^></^fTtV ^U^-eA I AsSalta)iBL^)S^a 
«MICX 5^ > ^r* ^ ^ :7 *v K^<75 X ^ -V > h ^ffl LN 
T. ay On -A l0.55Ga0.45AsB7 7^ig«MfZ 10 
X»y5^>-:/$fT5 tia>T?fc-5o O^y 77*yK^(OX»>^ 
-^'Vhlip- A I 0.2Ga0.8As®7 6^X»y5^>y 

itr. ca>SP»T*x*:;T>>/ii<9ih'r-5)o ca)xg(D«a 
SS^Lfc<Z);b<. IS3 (a) Tffc-So 
[0 0 4 5] :7*>K^a)X*7^-v> hSfflL>T. SS^W 
|-X'>5^>^$-tT5[glC. :7;t- huv;^ h/^^ — >8 o 

^m^L. ;^h^-<::^tt<Z)iap^wr*p-A I0.2G 

a0.8A sB7 8$-7X^i: LTX'y^>^$ftoTt» 
[O O 4 6] gll^T. h Uv;^ h/<^— >8 O^K 20 

*Lfc». 2[siBa)xe^i+v-v;ujas*^Ttv S7C 

^ifLXp- A I 0. 2G aO. 8A sg7 6 i: n - A I 0. 5 
5G a0.45A sB7 7 p - A I 0. 2G a 0. 8 A s B 7 8 
ifc(0±fC»2±^7^'> KBSirLTp- Al0.48Ga 

0.52A sB7 9a)a4^)a^Ja:s*^Tt^. codp- ai 

0.48Ga0. 52AsB7 9(7)±(C=I>^^ hB 1 O ^ LT 
(Op-Ga AsB8 a^J^fig-r-So C(DXg(DjgSS^^ 
Lfca)*^ 123 (b) tffc^o *t^-e. p-GaAsS 
8 2<7)a®±(:ipfilJ®«i1 2. (7)»®filJ(Znfill® 

[0 0 4 7] ^IC. »fKei SCDSfif^lZOlN 

t?. «HIB8&t;»2±^^*:f KB9(ipMB-efcy c 
O p n ffi^ic J: y ± Cfc^^B (::«*: ^Jn^^ay^ SftS 

-scD-e. m2S:^p*v^B7iz,fcyaaEa)3S*t;b<Ra 

ih**iTBaft;5<«t,*t. MP 7 a $^^LTjal^cfc < Stt 

B4lcm5S;!)<55*i-5o SttB4lc^^(D^{fi]i>l±<Dm3S 
ati^aEH-Sib. S^4B4lctel^Tm^tiE^Li:*<II^S^ 40 

[0 0 4 8] ca)<t^. nmT<?=y^y KB 3. mia)± 
KB5Xi;m2CD±<7^':; KB9(i. ,i&ttB4j: 

^'vKB3. ai(D±^^*y KS5&t;m2(7)±^^'> 

KB9CDjS»T^(iSttB4cfcy t/h*<. U-if3tlin 
MT^^^y KB3i:mi a>±^ KB5&t/»2a)± 
^'^'V KB9i:<D|ffllcBBi:52ktot)tL€>o 

[0049] m3^:^p*>^B7(7)/<> K^-^^>:>' 
(*mia)±^7 5v KB5&t/m2(7)±^^*y KB9a)^- so 



*Lcfey t*:#i^a)"e. m3SE:?a*>^B7<z)jaef*f*ai 

(D±^5*v KB5Sl/S2<D±^^*y KB8(D^4xJ:y 
/h*<. u-if3ta)7K^«i»ip]a)ffiA^yiia3a:^p*;/^ 
B7lc«feor«lia**t«o C(DJ:5f::U— !f*a)«65t^ 

[0 0 5 0] za)4i3H*u~ifggi 3(cfcl^r^i. m 

KB50Zn<D^-VU7aiffi^ 1. 5E18 
cm-3 i: L"Cl^-5^]b<. G a A 1 0)8 i (ZJ^-V U 

7'aa*8El 7cm-3<b:L. * t> icS 1 ±^ ^ KB 

5±icmLTiSK**irLN*mi B3tt:^p^:/<7Ba5S i 

CD^-VyTiiS* 1 . OE 1 7 cm-3i:Lri^4a)t?. 

SttB4-^a>zn<D»«*<}qi«ii**vrL>i)o SttB-^O) 

[005 1] Ztlli. ^<7)J:5lcSiBJ-e^^<b#K.^« 
Journal of Crystal growth vol.145 (1994) p808-812 
IZSi-GaAs/Zn-AI G a A s fC felf^ Z n 

(D&niz-Di^xtsimt^u^jixri^^o zcowm (zn) 

Offitjl^7^;Hi. nliGa As/Zn K— :;^A 1 Ga A 
s/So K-Z^'A I Ga As(7)8IBflljt*SfcKM**l 

Tl^^t.a)•Cfe^o "^tllZ^^t. S i K— 3fGaAs 

«a)i§^HGa*<s \ (D^^r'jrm&commiz^'Dxm 

iJQL. GaliZ(D^(DSt*:7cm-efc«^ri6lc. *&^HG 
a ^***l^ffi»affi Z n K-:/A I G a A s 

[0 0 5 2] Zn K— ::^A I Ga AstfJiCffitfcLT^fc 
Ca)»^raGalCj:y. Zn K— :^A I G a A s 4=0) 

G a-y^ hcoz n;{)Mii:^di^;Kr<§^raz n <b/j:y. 

c z n A^jfts-r -SB icffi;»-r ^ * l^ 

fi6*«it^i^»a)U— lfSBI::fct^T. S i 
K-:/G a A s Sffi 1 o 1 0)^^ g riSiS* iiiia-r ^ 
<i:. ±<7^y KB1 0 5<7)Zn(7)ffiifc){)<ffiji^4x. 
^#^4;{)^^<3^c^:'^)Ci:^al^f£Lrl^*o ^\z^ GaAs 
S« 1 35W eaS/tliVG Fa-cf*gl**ifca^fcii. 
Sa*l3:FJ£ttJ^CS I I1^7b<*SfcS®Lrfcy. s 

^f)^f^\SLit^^^\Z^^mGam'^ti<±f&^tlX. Zn 
(DJSttB'vcDffififc/j^SlzffiiiS+i* C *al^f£ LTO 

[0 0 5 3] C4^t)(7);I<b)^)^t>. *3I(*U— tf^gl 3 
lC^5L^r^i. Ga AsSffiKDS i (TJ+A- y 7'ilS$■ 
8 E 1 7 c m-3 . iS < LTl^«^a)T. 1 

mo a(D±mm^titi^tzi^iz^ mi±^^*>KB5 

^<D«^raGa<offitk/)<'><i:<<»:y. C(Dfci^mi±^ 
KB5a)Zn<Dffi»)!»<}cp«qs*i. ffil±^5-vKB 
5 (D Z n 0)^^ y 7ilg(7){gT*^l»lh^K'5) t <t t IC. 
SttB4-^(DZn<Dffi«t'>te<«j:y. S14B4<DZn 
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[0 0 5 4] ^\Z^ G a As&Wi^t^VB^<0^tJi^ir 

la^*^*aJaBLrl^*a)•e. GaAsSfiiajs i 

(D^^-VUraig^ 8 E 1 7 cm-3 ti&<ir^;itiz^ 

m 1 ±^ ^ KH 5 3b^ t,SttJl 4 -^(D Z n <D{t»*<«I«l 

it. Sffi^rp^v^H?^ 2jafc5Mt. mi±^^*> KB 
[0 0 5 5] Lfc3&<oT. ca)lll£<DJ^^8^cfcl^r^i. 

fclt-SIS^felGaC^^jS*. .^ttB4(0nffllJfc.fcT/pfiIJ 20 

a)MiiT?fflJ«ij-r«cti3<fcy, ca)»^raGaa)a«ic 

ascDm^c44S»Br'«ii)c-r4^m5«$i^c*:«tfiitfc-r4 
•v'jTiiffiBic-r«tm5fB**«jsi=cky. mi±^7 

[0 0 5 6] ^fc. jSttB4(D2 n^^^-VUraiSOOit 

4o *Lr. C(7)#»{*u-if3gai 3a>Sffi(*. s i 

(D^-V g Tilffi^Sffi 1 (D*^ U 8 E 1 7 c m 

* 8 E 1 7 c m-3 Lfc*^ 0 . 1 E 1 8 c m-3 ia± 
1. 5 E 1 8 cm-3 jaT(D«5H"C?fc4xlSJ: < . J?*Ll> 
(Olio. 5 E 1 8 cm-3 J5Jt± 1 . O E 1 8 c m-3 5fe2i-e 40 
fey. MlC»*Ll><DliO. 7E18cm-3m±1. O 

E 1 8 cm-3^ia, -efe-5« 

[0 0 5 7] *B<DA I ;iSM:ii. ca)^Jfea)ff$ 

^•>KB3. mia)J:^^-> KB5. «3S::^P'y^?B7 
fccfc t/m 2 a>±0 ^ KB 9 cfe y K^A- *v :>')b^/h 
S2a)±^^*:; KB9 cfcy/OK^A'*^ 
::^a)/Jx* < jSttB 4 J: y v y<OX^l^:xi V 

^ h *y / ^-B 6 ^ ii x.yr«tfiE-c fcttii t>o 

[0 0 5 8] ^y--. ^JgCOff^aSl-efiA I Ga As^4^ 50 



»-eflliaLt=A^ A I Ga I n P^^ifroffiO) III- 
[0 0 5 9] ^J^fill 

*»{*U-ifSBl 3i:S*Mlcl*|^i:«ig-e& 
-ifSSl 3(Dfllfi£3b>f,. «HB8$K^*L/c3E}^«9lc 

sa)B5T®0-efe*o la4^z*5l^T. 0 1 <tf5]i:?$-^ii(^ 

[0 0 6 0] »f3g©2 0(7)S3t:^j£lC 

L'— »fsa2 o(Da!iSxs(7)#xsa)#3i{*u—tfga 

xe^l:^V-V;i/jS;S-en-Ga AsSffil±IC. 
:7tB2 t3S:€»n-Ga AsB7 2. nST^^*:/KB 
3<!:<f4n-A I 0. 48G aO. 52A sB7 3. ^tSB 4 <b 
tii^T>\^—yA I 0. 15Ga0.85AsB7 4. %^±<? 
=7V y^MBttS^ip- A I 0.48G a0.52A sB7 5. 
X*V5^>^X h^>/^B6<>r3^4p- Al0.2Ga0.8A 
sB7 6. a3S:?P*><7B7ib35:4n-A I O.SSGaO. 
45AsB7 7, *5<fct/«HB8^3Ec4p- A I 0. 2G a 
0.8A sB7 8$-|Ii^ft^^-r«o CCOil^O) K— /<> K 

I*ffira^^<{36ffl**X4o ®3a3fP^V^B7<t/d:4n-A I 
0.55Ga0.45AsB7 7Ii, H2i:|^»fC. ^-Y- U 7* 
S^^xT2Bl:iJf^Jfi*;fx. IB 1 maE:^P -v^B 7 a <b 
^C^SI n-A I 0. 55GaO. 45AsB7 7 a. 
2B5fE:^P*vi^S7 b tft4S2 n-A I 0.55Ga0.45 
AsB7 7 b3b^fl$fi£*tL4o 

[006 1]53^|C, p-A I 0.2G a0.8A sB7 8± 

h/<^->8 o*j^)«"r«>o :ia)xs<Des*^Lfca> 

0 5 (a) -CibSo 
[0062] a3^l^■e. hUi^X — >8 0*-7 

7.<?t\^X. p-A l0.2Ga0.8AsB7 8$^mi n- 
A I 0.55G aO,45A sS7 7 b 1^2-^-5 *-CX 5" >y 
-r-So Za)i:#(DX*y5^A'l/KI*5i5K«a)Ga As$ 

m^jFLfcajTb^ 05 (b) -efc-So 

[0063]25^fZ. UvX h/^^ — >8 O^fe^L/c 

A I AsSSll:a)Sl^*f»Sa«Mlcx*y5^>y-e 
#*3?*vK3^a)X':/^^> h^fflL>r. P-AI0.2G 

aO. 8A sB7 8S-7;^<7«»: Urffll^r. n-A 10.55 
G a 0. 45 A sB77^p-Al0.2Ga0.8AsB76lZ 

s 4 * t? x 5^ > ^ -r 4 o 

[O064] p-AlO. 2GaO. 8AsB76li. n-A 
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ia55Ga0.45As|S7 7^\)^A\ A s £alt]b<iSl^ 
<o za)fcttlZn~A I 0.55Ga0.45AsJS7 7^^± 
X*>^>^-7^^<b LTffifflLfcp- A I 0.2G a 

[0065] <:^?t^•e. a l a s ;1Sita)<£l^«3|^^ x 10 
^>^t?$€»X*y^A'>h-efc'5. NH3S*fcl*>S5 
^S<7)X*V^^> h^fflL^r. p-A I 0.2G a0.8A s 
@7 SS-X^^^V^-r^o C0P-A I 0.2Ga0.8As 

H7 8S(»*Lfca. 2ElBa)S««:SxefcT. S7 

c^^LT. p - A I 0. 2G aO. 8A s B 7 6 <b n - A I 
0.55Ga0.45AsB7 7 t(D±izm 2 ±<7 ^ v KB 9 i: 
LTOp-AlO. 5Ga0.5AsB79 ^ S«)a^^iS;S S 
tTL^. COp-A I 0.48Ga0.52AsB7 9<D±lca> 

hBl 0<t LT<Dp-G a A sB8 a^J^fig-r-So 
C(73Xga)ea^^Lyi:<7);!)^ @6 (b) "Cfc^o 20 
t0066]*t^-e. p-G a A sBB 2<DS®±fCp 

2. stel (DMfiiiiznaiiafiii i^jf^fiSL. 

it. ^tl&<OBB 1 (07> K— 3^A I 0. 15G a0.85A sO 

/*SttB4S4r::^;u*>^A';7x;u (mTDQWi:l^5) 

tHitosttB^bu/cto-cfe^o S7(i. mmmmz 

[0068] gl7lCj5L>T. 3 2 li. Bill 5nm-C?7' 
> K— I^'A I 0. 35G a 0. 65 A s (Djte^V KB. 3 4 (i. 
BJ98 nm-e7> K— :/A I 0. lOG aO. 90A sOJ'I^xyU 
B. 3 6li. Bff8 nm-eT> K— 3fA I 0.35Ga0.65 
A sCO/N'UTB-Cfc^o 0 81*. jSttBS 0(^DQWfll 

i&a)x:r.;u:^:-/^>K$7F-rmiC@r-&-5>o 
fiEl±> SISfitDJI^SSl i:l5jC-efc4o ttoT. p-A 10. 
48GaO.52As0mi±^^*v KB5li. K— /OKfi 
Zn. 4"VUTfflSli1. 5 E 1 8 cm-3. -C&y. n 40 
SGa AsOJSffil l*nSK-/^>hl*S I "C. U 
TaaiiB E 1 7 cm-3 "Cfe^o ^fcZCDG a A s Sffi 

1 li. VB (Vertical Br'\dg&nan)^Vi^f&^tifzi,(D 

[0 0 6 9] ^i^iz^ n^yay^miit. ftiBSS:^ 
p*v<7B7a. m2®3S::fa'y^7B7 b-eff$lS^?4^rl^ 
*o mi S2ffi:^P»:/^B7 aii. x*;;5^>^;^ h v/<— 
B6±lc«mLrffilft*^^. K-/<>hl4S i. ^-vU 

T'aaiil. O E 1 7 @|5o. 2 ^/ m-Cfc^o 

S2a353^P':;^B7 b(4. mi ®3S3fP'V^B7 a± 50 



142. 5 E 1 7 cm-3 . BKO. 

[0 0 7 0] z(o^moBm\z^^^!^mti^l^'-'*f^&m\z 

fcl^Tt. SSSfi<D}^S8l mi±^^';'KB5 

(DZ n<Dt£»f4'>3^ci:<. mi±^5'V KBSCDZnCD^ 

ttB2oa)Zn(;)+-vU7'asoii:*:/)<3tci^a)-c. e— 
[007 1] -eLT. ca)iti»«:U— »fSB<Dasi*. 

s i 'J TSS^Sffi 1 0)^-^;' u ras^ 8 e i 7 

cm-3 t LTl^^(7)r*=I>^^^ hlSta t JtS^Mffi < 

L#l^^s®a^44 5mAT?a&y. siJS<Dfl^a8 1 r:iit'<r 

[00 7 2] *f=. ^(DSIJfi<0fl$I8f:ifct^Tli. SttS 

>^;u*>^A't7x;u (SOW) «ig. 
A'!7x;u (TQW) llljt^i:i:a)-7Jl/^*>^ A'^^x^u 
(MOW) «it. -^l^^'j^ (GRIN) eiit. -tr/^U— 
h=I>:7T-<>> > h'N-xPX h^^^-V— (SCH) 

[0 0 7 3] ||J6<DJ^Sg3. C<DSISfia)J^a83fCfclN-C 
(4. n^Ga AsS<fia)^-V'J7'aS*0. 1E18c 

m-3jtfjL±i. SE^ a cm-^WiTt-t^tti,izm^y 
□ <7 B * *J6a)fl^!B 1 (D <*: 5 1::^ -V 'J TafitOS/j: * 
2BT'aia-tJ:r. -BT'Sti£^^7!)<K-/'?>h*S I J; 

cfcy. S«fccfct/«3S::^p*y;7B<DnSK-/<>HcS 
^ < m 1 a)±^ ^ V KBA^ e^SttB^^O) z n offitk^d^ 

[0 0 7 4] Sl9(i. C(D3lffia)fl$ffilc11^,i»i««:U- 

ifaa(o»r®ia-cfe-5o la9^c*5l^r. 4 0(4i|i»«:u 
-+fSS. 4 2(4®2ffi3fp^y^Br*fe-&o ®3S:/a^v>7 
B42(i. K~/^>hi:Lr. S i J:y^Stt^b^(Z)iSt^ 
7C*t?*^4rU> (So) . i^;uu (Te) . ?ail 
(S) Tb^fflLN^H. ^A'yTaS(42. 5E17C 

m-3, BJ50. 6 fimv&^o i&<Dmf&it. mmcomB 

^ tW\^V. nMG a A stDStel (Dnli K— hii 

s i -e. ^^-^UTaaiis E 1 7 cm-3-efc*o 

(DG a A sSffil I*. VBxS-Cf^iS**tfc^a)-C&-So 
[0 0 7 5] BJ50. 1 /im<Dn - G a As(D/<^jy7 
B2I±. K-/^>h/)<S i. ^•vyTaSI*3E1 7c 

m-3. ✓<*>;7rB2±izi5itt»*vfcBI52. 0//ma)n 
-A I 0,48G a0.52A s(7>T^^*V KB 3 14. K— 
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[0 0 7 6] Z(0^««:U-ifS®4 3ISS<7)I^ 
881 Ga AsSSltDS i (D^^^JTMSL^ 

8 E 1 7 c m-3 , (B < LT 1 *a>»^ 

5 (D Z n <D^^ U 7m&(D^Tt<W}±iS*l^ tti,\Z^ 

a)^A'U7aga)ii:^*il»il:-r4z^/)<T*#«o -yj. 

SttB-^^cDZnOffitScSiiPM-rscirA^-e 
[0 0 7 7] t*oT. z(Dmmmm\z^i^xt. mm 

y. miJi^^*> KS5(Z)zna)^-vy7afi(7)igTic 

[0 0 7 81 9gffia)^ffl4. ^a)9liEOf^SB4tCfeU^'C 
(i. nSG a A smffiCD^-V^yraS^ O. lEiSc 
m-3jjjlJil. 5 E 1 8 cm-3]^Ti:-r'g>i:<ttilzaaE3f 

(^)iai>v I BiTcmit Lyctia)r-fei)o ztticcty, mm 

±^^':/ KH*^t»5SttH-va)Zn(7)«;»S-B'>*< L 
[0 0 7 9] SlOli. CCD||ffi(D}f^ffilC«-S*»i*U 

i9:lt^tiy=lBi¥0. 6iUma)n-A I 0. 55G a0.45A s 

onaftya^y^mv^ ffii«aE::^p*v<7jB4 7a. m2 
s \ ^^)f^^itm<oni^7tmv&^-^[y:y (se) -e, 

<teici^ju;u (To) , «SII (s) 3b<^i>t>*v^o mim 
3SE:?p*:/^H4 7 att. X-y^^^X H6±(C 
KSmLriElft**V. ^A'UTaai*!. 0E17C 

[0 0 8 0] »2B35:7P'v^7B7 bl4. Si«S5:?p 

*v<7B7 a±icSJ}$LriBift**L. ^-vUTilSiia. 

5E 1 7 cm-3. BBtO. 4 /i m-Cfc^o flfetDtSfiKI*. 



-eii. Ga AsSffiKDS i 0) + Y U TSS^ 8 E 1 7 

cm-3 (ft< LTi^4(7)-e. m^±<?^^y KB5a)z 
y7'aiSa){gTAWitS*t-5<bi:tl::. ^S14B4-^(DZ 

na)ffitfet'>>s<3S:y. sttB4a)zna)+-vU7ais 

(Dig* t RSih-r « Z 3b<-C # « o 
[008 1] -tur. m3S3^a*:/^B4 7^2Blc^ 
It. m 1 ±^ ^ KB 5 {Zj&^-t^mom 1 SStt^^P 'V 
10 ^B4 7 aCOS ea):^-vy7'aS^<£< L. pfiflSffil 

2{Ma>S2BgS3^p^>^B4 7 b<Ds oaj^-vyraffl 

^a<-r^C<tlcJ:y. m35:^P*:/^B4 7i:Lr(7?fl6 
^-cfc^B3tt»**^T^»:l^>5:)!I<t,. saE:^P*>^B4 7 
a)K-/^vhtLT. s i cfcystt^b*a>SLN7ic«*tt 

B4 7 artlZfclt4»^MGa(7)^fig$iqi9JL. C<D» 

^mGaa)ffitkfcar5i%r^^-r^. mi±^^*>KB 

20 [0082] Lfr3{)<o-C. IIJfi(7)}f$Slia)jailllcinx. 

*f)icfi^aiwmi±^^':/ KB5(DZnCD^-vyT 

^J^ttajafiJfttttDSfe^bSRSih-r^c^ii^-c^^o * 
fc. sttB4a)zna)*-\'y7aa(Di9*i3i:t,3S:5e 

- Ai^ttO) Sfe {b ^ ci: y (cKih-r -5) - *t ;b<-C ^ ^ o 

[0 0 8 3] ^fc. mmmm^tiii^\^4\zm^xisiBM 
30 ti^«a)«)S^S-r*o 

[0 0 8 4] 

5 X 1 0^8 cm-3 J^Trfc-Sm 1 *®Ma)G a A s ^1^31 
t*Sffi^. ca)*»t*:»«±l::iB»**ifcSl»«Sa) 

m^<?^vh*mt. 7^\±mt. mzmmm(Dm^(Dm2 

40 ^^^yKBib. ca)mi a)ffi2<7^^y KBa3±lziES* 
»1(Dm2<7^'v KBfcifttxfi!|(Dmia)Bi:ca)m 

1 a)Ba)±iciEift$ttm 1 (Dm(D:^nmmm<^ y si^^ 
«Jteiais* ^^^m 2 (DM Lfzm i ss^eomss^^ 

oo. ffim^d:««-eSgia)m2^^*v KB7b^t>.^^4B->^ 
<7)m2«aMK-/<>h<7)ffifik^|»ii:T-#. SttB-^O) 

50 ^^-scitA^r^^^o 
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[0 0 8 5] n^■:fa^J^fmo>m^onai^Vt 

%jlS*SISMI=T> }^-yA^^tzlt3 X 1 O" cm-3 

[0 0 8 61 *c>i=, n3&:fav<?m<o^m^^. s i 

^?®<o»^raji^-<D»^$~swii. m2aimsK-/< io 

[O0 8 7]*f=. K-/<>h<D^«1*iaiffiA<0. IX 

1 0'8 o m-3 Jil± 1 . 5 X 1 018 cm-3 JilTT?jb-5B 1 

^•v K@ro±(zi21ft$*t, s i J:y5g^4^b^roSL^V I 

ffi2aimso3m2©m2^7^.v KiBi:*ffiixfcto9-e, 
mf&vfn ^<l>mz<?^v KSA> c,sttis^<Dss 2 mnm. 

[0088] gS1©a2^7^'y KHi:gS2(D» 

< , S 2 2 ^ ^ KH J: y /< V K^^ 30 

st^i I I -vJ^l<b^^a|i^i3^»:A^e,^ci.!B2««M<o# 

SgStt<0.>:lNm2<7)m2^7-V KB^«ia-p# 

[0 0 8 9] *fc$iblC, mi f ^'V KH^A I XGal 
-xAs (0<x<1) . SttB^A I Ga As35*t 

Ill ro®2^^-y KB^ A I UG al-uA s (0< 
u<1) . SSK^a-y^BSA I 2Ga1-2As (0< 40 
2< 1 ) . •e^Lr»2fl)|g2i7^>y KB*A I VG al-V 

As (o<v<i) -e«t)«Lfca)-e. stsi:msro=i 

K-/<>h<Dffitjl^8SifT?#. iSttB---<D^r-V'J7<DK 
SSil#t4A^fi»-e, e-A#i4tfi<. 3l^4"?h»fit 

[0090] mi CDm2'57^-v KB«7)m2 

alalia) K— /<> Ko^tt«siiaj!i< i x i o's c m-3 ^ so 



i8x.3 X 1 o'8 cm-3mTi: Lfc<0-C. SttHA^e.©* 
[009 1] Ga As#«ft:Sli$VBi£ 

*fcl*VGFS-caf^Lfc4.«)i:Lfca)-C, m23»ms! 
© K-/0 K0SttB'^'<Z)ffi«*3aSMI='>'S:< -r-SJ^ 

[00 9 2] Ga Asitt3H*Sffil=-g-*4xi):F 

Stt'SS i roiiaAtl X 1 o'8 cm-3 JUT.!: LfcODT?, 

m2 3isso3 K-/<> h<DSttB'N05a;»^jaiaMic'> 

[0 0 9 3] $y=$&IC. miai«l!/l<nS. m2aiS 

1±B'^ros«srot£gfc*i»it.-c#, jgliB-^ro+vyTO) 

fflii^^ablCfT^^tA^-e**. St^-CI*, GaAsS 
«<Dnl!K— /<Vh$S/'j3>, pSK— /OK^SfS 

[0 0 9 4] SttB$^9S7-#F1lliS^ L/= 

J3 y s«^-#p«it*ses L-¥>r < ^c*. si^-c 

l±. a^AU<Sffi■C*B*yfl)J:L^^^i3H*^—^fSle 
[0 0 9 5] cro«wi~«-5#^3l«:u-if^ea)Sljt:fir 

aj-ei*. K— /<> h05^tt1&affiA<O. 1 X 1 0'8 cm 

-3|U±1. 5 X 1 018 cm-3 JUT-CfeSmi 3imSOTG 

a As#j»«:sffi^*<«-r-i.xg<s:. mi«ssfljmi 

KB*JKB!c-r-6X8i:. SttB^JK^-T-SXS 
m2 3»mMa5mi<om2^^-v KB^JKJi!c-r-5xS 
Sia)m2;»^?' KBlcifit^fi!l©mi©Bi:w(Dm 
1 roB(D±lzJKBE**i.m 1 roB(OTtt«!iaffi J: y tBt^ 

^$e!t«Diig**-r *m 2 (7)B i: ^ w-r ^maS <7 B 

mirom2'j7^-y KB<0±l-}Bfi£-r^XS,!:. m2 

aisM<offi2©m2^»5«v KB^Bja-r-sxai:. s# 
m 1 2 ^7 ^ KB A> b jstSB'^^rom 2 ai«^ k 

h<DlSfil[*B6ih-e#. SttB-^ro^v 'J TOKii 

jb<*3ai=?T5 ;iiA<-eir«i»ij»(*i — -tfSB^fBm'Sx 
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[0 0 9 6] «ai:?P'vi?H*j»fiK-r«xgr= 

fi<jl=T>K— ::^A">*fc(±3 X 1 o'7 cm-3KlTi: Ufc© 
■e. « 1 ®« 2 ^> 5 KHA^ & JSttH'^roSS 2 K 

[0097] mi cDm2i7^^v KB^marom 

2 ^; ^ KBirOmiz, jgttB J; y K^A" «v 10 

m2©S52^;^-y KJB.fcy/OKiPA'"^:?*^^ 
*l,M I I -vSHb#te¥3l«:A^e,'5c*m2 3ISS(7)i»i 

i»i3H*Bicj:yx.vT>-i^^<?it$-ti-*o-e, «ttggp 

[0 0 9 81 mi ^^"5"^ KBA^A I xGal-xA 20 

8 (0<x<1) , SttBA^A I Ga AsSW». m 
1 <Dm2'?^>V KBA^A I UG a 1-uA s (0<u< 
1) , ©35^0 -y^^BA^A I ZG al-zA s (0<2< 
1) . ■5-LTm2©m2^»^>y KB*<A 1 VG al-vAs 

(o<v<i) -cfiifiE^+ifcro-cf, m^tnmoiz^iy 

^i^? h»tn;$-<S<fqi»lU-oo. SttB-^AJmaaimSK 



[04] 




[iasa>ffim«8»^] 

[0 2] C(OI6^i=€K«^lll(«:u-lfSBa>Sitxa 
[0 3] C(Of£QQI=^€>^«ft:U— *fSSa>£litXg 
[0 4] :^(OfS^I={S«ii^9ft:u—lf^B(DBr90'C 
[0 5] Z (DfSBBlrffi U—tfSBOSlitXS 
[0 6] C<DflWlcfiR-5^|i3ltt:U-+FSB<Dl!ifiXS 

^s^-r^nitL/— !f3£aa)B5ia0T-&i). 

[07] C©«KI=fig«i|i»«:U— tfSB©DQW« 
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